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SECTION 1 

INTRODUCTION 

Investigations of upper atmospheric parameters utilizing sodium and 

lithium vapor as a trace element were conducted under Contracts NASw-25 

and NAS5-215, These investigations were continued under Contract No. 

NASw-396. The results of these previous investigations as well as the 

experimental and analytical methods used are discussed in detail in 

numerous technical reports prepared under the referenced contracts and 

presented at meetings and in open publications. Briefly, the method 

involves use of a rocket-borne vaporizer which ejects a trail of  sodium 

and lithium vapor along the rocket trajectory- Resonance scattering of 

sunlight causes the trail to be visible and easily photographed during 

twilight when sky background is low, but the high altitude trail is 

illuminated. Triangulation techniques are used to measure the motion 

and growth of the trail. Winds and diffusivity are directly determined 

from these measurements. Other investigations concern the study of 

turbulence around 100 km, the expansion of clouds released at altitudes 

of from 400 to 700 km, and the determination of temperature from the 

measured width of the resonance line. The temperature determinations 

were done by Professor J. E. Blamont and associates. 
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During t h e  pe r iod  covered by t h i s  r e p o r t ,  a major e f f o r t  w a s  

d i r e c t e d  toward t h e  measurement of winds and t h e  c o r r e l a t i o n  wi th  s imul-  

taneous  measurements u s i n g  o t h e r  techniques .  These o t h e r  methods 

inc luded  r o c k e t  grenades ,  Langmuir probe ,  P i t o t  t u b e ,  and CW p ropaga t ion  

s t u d i e s .  

i n t e r n a t i o n a l  program t o  s tudy  winds u t i l i z i n g  t h e  sodium vapor method. 

Launch s i t e s  p a r t i c i p a t i n g  i n  t h i s  program were l s c a t e d  a t  'w'allops 

I s l a n d ,  F o r t  C h u r c h i l l ,  E g l i n  A i r  Force  Base, France ,  A l g e r i a ,  Argent ina ,  

A u s t r a l i a ,  and S a r d i n i a ,  The o b j e c t i v e s  were t o  i n v e s t i g a t e  g l o b a l  wind 

s t r u c t u r e  by s e q u e n t i a l  t w i l i g h t  f i r i n g s  from as many o f  t h e  p a r t i c i p a t -  

i n g  s i tes  a s  p r a c t i c a l  due t o  weather and r ange  f a c i l i t i e s .  

Another major purpose was p a r t i c i p a t i o n  i n  t h e  coord ina ted  

A t o t a l  of 13 r o c k e t s  of  the Nike-Asp, Apache, o r  Cajun types  were 

launched from Wallops I s l a n d  dur ing  t h i s  r e p o r t i n g  p e r i o d .  The expec ted  

wind measurements w e r e  ob ta ined  i n  a l l  f l i g h t s  excep t  two Asps which d i d  

n o t  r e a c h  s u f f i c i e n t  a l t i t u d e  due t o  improper second s t a g e  burn ing .  

E i g h t  of  t h e  f l i g h t s  were accompanied by r o c k e t  grenades  and a rc sondes ;  

t h r e e  by Langmuir probes ;  two by P i t o t  s t a t i c  t u b e s ;  and one wi th  CW 

p r o p a g a t i o n  measurements. 

Two sodium payloads w e r e  fu rn i shed  wi th  t e c h n i c a l  a s s i s t a n c e  f o r  

f i r i n g  a t  E g l i n  A i r  Force Base. Both of  t h e s e  f l i g h t s  expe r i enced  vapor-  

i z e r  ma l func t ion  a l though wind d a t a  could  be  ob ta ined  from one of  them, 

S i m i l a r  d i f f i c u l t i e s  occur red  dur ing  one of t h e  Wallops f i r i n g s  b u t  good 

d a t a  w a s  ob ta ined .  Inclement  weather had de layed  f l i g h t s  a t  C h u r c h i l l  

and the ser ies  was concluded due t o  u n c e r t a i n  v a p o r i z e r  performance 

b e f o r e  any f i r i n g s  occur red  t h e r e ,  

2 



SECTION 2 

INSTRUMENTATION AND EQUIPMENT 

2 .1  ROCKET INSTRUMENTATION 

A l l  of t h e  r o c k e t  payloads  were e s s e n t i a l l y  t h e  s a m e  a s  t hose  used 

p r e v i o u s l y .  Those f lown on Asps were c o n s t r u c t e d  wi th  h e a v i e r  nose  

cones ,  s k i n s  and coup l ing  r i n g s .  A complete  d e s c r i p t i o n  of  t h e  e n t i r e  

sys tem i n c l u d i n g  w i r i n g  diagrams,  photographs,  and mechanical  drawings 

i s  g iven  i n  t h e  F i n a l  Report  on Cont rac t  No. NAS5-215 da ted  October ,  

1962. The v a p o r i z e r s  a l l  conta ined  sodium and some had  va ry ing  amounts 

of  l i t h i u m .  I n  f l i g h t ,  t h e  v a p o r i z e r s  were i g n i t e d  wi th  a n  e l e c t r i c a l l y  

f i r e d  squ ib  which was a c t i v a t e d  by a preset t i m e r .  The i g n i t i o n  sequence 

i s  comple te ly  d e s c r i b e d  i n  GCA Technical  Repor t  "Development and T e s t i n g  

of  I g n i t i o n  System f o r  Rocket-Borne Sodium Vapor izer , "  

During November-December 1962, t h r e e  v a p o r i z e r s  mal func t ioned  i n  

f l i g h t .  The r e s u l t i n g  t r a i l s  of sodium vapor w e r e  of lower than  normal 

d e n s i t y  and t h u s  less b r i g h t .  One of t h e  t r a i l s  from E g l i n  was n o t  

b r i g h t  enough t o  be photographed and no d a t a  w a s  o b t a i n e d ,  

E g l i n  t r a i l  and t h e  Wallops t r a i l  were photographed and wind measurements 

The o t h e r  
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were obtained. An investigation to determine the cause of the improper 

burning was conducted and a special report entitled "Sodium Vaporizer 

Malfunction" dated 5 March 1963 was prepared. 

consulted for details of the investigation. Only a summary of the 

findings and conclusions will be given here. 

This report should be 

The facilities for vaporizer preparation at GCA are limited since 

they were designed to supply only a relatively few payloads for the 

NASA sponsored investigations which have constantly required modifications 

and development of new techniques. The facilities were suited for such 

services rather than production. During the past year, however, the 

demand for vaporizers increased greatly, The increase was due in part 

to an increase in the direct NASA effort but mostly indireotly through 

requests from Italy, Pakistan, Sandia Corporation, and to the large 

number of firings associated with Project FISH BOWL, 

that the limited GCA facilities would cause difficulty in delivery 

schedules unless the facilities were expanded or outside facilities 

were used. Several chemical companies with proper facilities are 

available in this area; and even with the relatively small quantities 

involved, preparation of the chemicals would be cheaper and schedules 

could be maintained. Gray Laboratories and Chemical of Gloucester, Inc., 

was selected. A series of test firings proved that the chemicals could 

be satisfactorily prepared in larger quantities. Commercial blenders 

were used for drying and mixing of the thermite, and sodium was machine- 

chopped instead of the laborious hand extrusion method, 

It became apparent 

All operations 
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were conducted under a n  i n e r t  atmosphere of a rgon  and shipped i n  s e a l e d  

c o n t a i n e r s  wi th  a p o s i t i v e  argon p res su re .  The v a p o r i z e r  l oad ing  w a s  

done a t  GCA u n t i l  t h e  f a l l  of 1962, when due t o  t h e  p r e s s u r e  of s h i p  

ping schedu les ,  some load ing  was a l s o  done by Gray Chemical. The f i r s t  

group of v a p o r i z e r s  t o t a l l y  prepared by Gray Chemical performed s a t i s -  

f a c t o r i l y  dur ing  P r o j e c t  FISH BOWL. 

Upon t e r m i n a t i o n  of t h e  November-December s e r i e s ,  t h e  remaining 

v a p o r i z e r s  from Wallops I s l a n d  and F o r t  C h u r c h i l l  were r e t u r n e d  t o  GCA 

f o r  t he  i n v e s t i g a t i o n .  A f a u l t  i n  t h e  v a p o r i z e r s  was found a f t e r  

removal of t h e  i g n i t i o n  mix tu re .  The the rmi t e  sodium mixture  normally 

forms a h a r d ,  dense cake a f t e r  being packed. The f a u l t y  v a p o r i z e r s  

were s o f t e r  and f l a k y ,  They were a l s o  much e a s i e r  t o  i g n i t e  than  a 

proper  mixture  a s  evidenced by the f a c t  t h a t  one w a s  a c c i d e n t l y  i g n i t e d  

wh i l e  performing a s t anda rd  ope ra t ion  of removing some of t h e  mixture .  

A t o t a l  of 1 7  t e s t  f i r i n g s  were conducted and s e v e r a l  chemical 

a n a l y s e s  of  v a r i o u s  mix tu res  were ob ta ined  i n  o r d e r  t o  determine t h e  

cause  of t h e  f a u l t y  burn ing .  Prom t h e  r e s u l t s  of t h e s e  tes ts ,  r a d a r  

r e c o r d s  from Wallops I s l a n d ,  v i sua l  o b s e r v a t i o n s  of t h e  f a u l t y  burn ing ,  

and p a s t  expe r i ence ,  i t  was concluded t h a t  t h e  v a p o r i z e r s  burned much 

too  f a s t  and e j e c t e d  a l a r g e  po r t ion  o f  t h e i r  charge  i n  a s h o r t  t i m e  

a f t e r  i g n i t i o n .  

The t e s t  s e r i e s  confirmed p r i o r  expe r i ence  t h a t  many r e l a t i v e  s m a l l .  

v a r i a t i o n s  i n  p r e p a r a t i o n  of chemicals o r  l oad ing  procedure may have a 
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s i g n i f i c a n t  i n f l u e n c e  on t h e  burning r a t e .  However, none of  t h e  t e s t s  

i n d i c a t e d  e f f e c t s  which were great enough t o  e x p l a i n  t h e  f a i l u r e s .  The 

on ly  p o s s i b l e  e x p l a n a t i o n  was ob ta ined  from a q u a n t i t a t i v e  a n a l y s i s  of 

t h e  mix tu re .  A l a r g e  weight d e f i c i e n c y  was found i n  t h e  i r o n  c o n t e n t .  

I f  t h e  i r o n  ox ide  were n o t  p rope r ly  d r i e d  and water  accounts  f o r  t h e  

observed  low weight of i r o n ,  a r a p i d  burn  r a t e  might be expec ted .  This 

would be expec ted  s i n c e  t h e  water would d e s t r o y  a l a r g e  p o r t i o n  of t h e  

sodium and t h u s  l o s e  i t s  c o o l i n g  e f f e c t .  Hydroxide c o a t i n g  on t h e  

p e l l e t s  could  a l s o  reduce  t h e  b ind ing  e f f e c t  of t h e  sodium and t h u s  

produce t h e  s o f t ,  f l a k y  t e x t u r e  of t h e  mix tu re .  However, i t  h a s  n o t  

been  p o s s i b l e  t o  s u b s t a n t i a t e  t h i s  t heo ry .  

The i n v e s t i g a t i o n  r e -a f f i rmed  t h a t  v a p o r i z e r s  p repa red  by t h e  

s p e c i f i e d  GCA method c o n s i s t e n t l y  perform as r e q u i r e d ,  

were p repa red  by t h i s  method and f i r e d  from Wallops I s l a n d  d u r i n g  

February  1963. A l l  t h r e e  performed as p r e d i c t e d .  

Three payloads  

2.2 PHOTOGRAPHIC INSTRUMENTATION 

The t echn iques  and equipment used a r e  f u l l y  d e s c r i b e d  i n  t h e  F i n a l  

Repor t  on Con t rac t  No. NASw-25 and NAS5-215 and i n  GCA Technica l  Report  

No. 61-2-N on Con t rac t  No. NAS5-215. S tandard  70-mm mounts and cameras 

were used f o r  Wallops f i r i n g s .  Si tes  were a t  Dover A i r  Force Base, 

Andrews A i r  Force  Base, Camp A .  P. H i l l ,  and Dam Neck Naval T r a i n i n g  

C e n t e r .  The Wallops S t a t i o n  Photographic S e c t i o n  a l s o  o p e r a t e d  two o r  

more s i t e s  i n  t h e  v i c i n i t y  of launch. The cameras used were p r i m a r i l y  
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K - 2 4 ' s .  The close in sites are particularly helpful for observation 

of the lower trail especially when conditions are cloudy or hazy and 

attenuation from the distant sites is increased. 

The instrumentation for Fort Churchill consisted entirely of 

modified K-24 cameras which were adapted specially for cold weather 

operation. Sites were established at Eskimo Point, Seal River, 

Belcher, Twin Lakes, and at the launch area. Operations at all sites 

were satisfactory as far as could be determined without an actual 

firing. 
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SECTION 3 

ROCKET FIRINGS 

A summation of r o c k e t  f i r i n g s  o c c u r r i n g  a t  Wallops I s l a n d  i s  g iven  

i n  Table  1. 

The o b j e c t i v e s  of t h e  w i n t e r  s e r i e s  of  f i r i n g s  were t o  p e r i o d i c a l l y  

measure t h e  winds du r ing  February  i n  o r d e r  t o  i n v e s t i g a t e  t h e  r a p i d  

warming phenomena and t o  c o r r e l a t e  t h e  r e s u l t s  wi th  measurements made 

w i t h  t h e  grenade technique  performed a t  t h e  same t i m e .  The f l i g h t s  

were t o  beg in  on 6 February ;  b u t  due t o  d i f f i c u l t i e s  of  s chedu l ing ,  

wea the r ,  and winds,  t h e  f i r s t  f l i g h t  was du r ing  t h e  evening o f  1 March. 

T h i s  f l i g h t  was s u c c e s s f u l  and was fo l lowed by a s u c c e s s f u l  grenade  

r o c k e t .  This  same sequence was s u c c e s s f u l l y  r e p e a t e d  on t h e  fo l lowing  

morning of 2 March. J u s t  p r i o r  t o  t h e  sodium f l i g h t  of 2 March, a 

Cajun r o c k e t  w a s  f i r e d  which e j e c t e d  about  50 l b s .  o f  water a t  100 km, 

Th i s  even t  w a s  observed v i s u a l l y  and p h o t o g r a p h i c a l l y  a t  t h e  camera 

s i t e s  and a b r i e f  s p e c i a l  r e p o r t  was submi t t ed .  
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Rocket 
Type 

TABLE 1 

ROCKET FIRINGS AT WALLOPS ISLAND 

NASA No. 

Nike Cajun 

Nike Cajun 

Nike Cajun 

Nike Cajun 

Nike Asp 

Nike Asp 

Nike Asp 

Nike Apache 

Nike Apache 

Nike Apache 

Nike Asp 

Nike Apache 

10 a 100 

10.101 

10.102 

10 1 0 3  

3.20 

3.21 

3.22 

1 4 . 1 3  

14.17 

14.18 

3.11 

14 .35  

F i r i n g  Date 

1 March 1962 

2 March 1962 

2 3  March 1962 

27 March 1962 

17 A p r i l  1962 

6 June 1962 

7 June 1962 

7 November 1962 

30 November 1962 

5 December 1962 

18 February 1963 

20 February 1963 

F i r i n g  
T ime  

EST 

1823 

0554 

1844 

1848 

0443 

1956 

0352 

0553 

0615 

1716 

1814 

1818 

Nike Apache 14.39 21 February 1963 1816 

Most f i r i n g s  were a l s o  suppor ted  by a n  a rcsonde .  
9< 

9 

Coordinated?? 
F i r i n g s  a t  W. I, 

Grenades 

Grenades 

Grenades 

Grenades 

Grenades 

Grenades 

P i t o t  s t a t i c  t u b e  

Second s t a g e  f a i l u r e  

Langmuir probe  

Langmuir probe  

Sodium from A l g e r i a  

and Argent ina  

Langmuir probe 

Second s t a g e  f a i l u r e  

Grenades a t  Wallops 

I s l a n d  & F o r t  C h u r c h i l l  



P e r i o d i c  f l i g h t s  of sodium and grenade r o c k e t s  were cont inued .  

Coordinated f i r i n g s  o c c u r r e d  on 23 March, 27 March, 1 7  A p r i l ,  and 

6 June.  

s t a t i c  tube .  Most of t h e  f i r i n g s  were accompanied by an  a rcsonde .  

The 6 June f i r i n g s  a l s o  i n c l u d e d  a r o c k e t  c a r r y i n g  a P i t o t  

F i r i n g s  on 7 November, 30 November, and 5 December were 

accompanied by Langmuir probe measurements of  e l e c t r o n  d e n s i t y .  The 

30 November and 5 December f l i g h t s  were a l s o  p a r t  of t h e  i n t e r n a t i o n a l  

ser ies .  The 30 November f i r i n g  fol lowed s imi l a r  f i r i n g s  from A l g e r i a  

and Argent ina .  

The f i r i n g  of 20 February  1963 was accompanied by s u c c e s s f u l  

grenade  f i r i n g s  from b o t h  Wallops and F o r t  C h u r c h i l l .  The l a s t  t h r e e  

f i r i n g s  a l s o  v e r i f i e d  v a p o r i z e r  performance a f t e r  t h e  d i f f i c u l t i e s  

e x p e r i e n c e d  d u r i n g  t h e  f a l l  series.  
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SECTION 4 

WIND DATA 

Wind d a t a  w a s  ob ta ined  from 11 of t h e  13 f l i g h t s  conducted a t  

Wallops I s l a n d  du r ing  t h e  pe r iod  covered by t h i s  r e p o r t .  Second s t a g e  

f a i l u r e  occur red  du r ing  f l i g h t s  of  two Asp r o c k e t s  and t h u s  i n s u f f i c i e n t  

a l t i t u d e  w a s  ob ta ined .  The winds a re  g iven  i n  F i g u r e s  1 through 22 .  

Values  of speed and d i r e c t i o n  a r e  shown as a f u n c t i o n  of a l t i t u d e  on 

s e p a r a t e  p l o t s  f o r  each f i r i n g .  The d i r e c t i o n  i s  c a l l e d  " d i r e c t i o n  of  

t r a n s p o r t  vec to r "  which d e s c r i b e s  t h e  d i r e c t i o n  o f  a c t u a l  t r a i l  motion. 

Dot ted  l i n e s  i n  t h e  lower p o r t i o n  of  some t r a i l s  i n d i c a t e  t h a t  d a t a  was 

o b t a i n e d  from s t e r e o  s i t e s  and thus only  a t  t h e  p o i n t s  i n d i c a t e d .  

O t h e r  p a r t s  of t h e  curves  w e r e  ob ta ined  from so many p o i n t s  w i th  t h e  

a n a l o g  r e d u c t i o n  sys tem t h a t  curves  a r e  e s s e n t i a l l y  cont inuous .  
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SECTION 5 

ANALYSIS OF W I N D  DATA 

During t h e  p e r i o d  August, 1959 through February ,  1963, wind measure- 

ments have been o b t a i n e d  du r ing  20 d i f f e r e n t  t w i l i g h t s  a t  Wallops 

I s l a n d .  

du r ing  A p r i l ,  1961 and t h r e e  measurements were p r e v i o u s l y  made a t  

Holloman AFB, New Mexico i n  October ,  1955, A p r i l  1956 and November 1957. 

A c o n t i n u i n g  e f f o r t  h a s  been made t o  de te rmine  s e a s o n a l ,  d i u r n a l  e f f e c t s  

and c o r r e l a t i o n  wi th  o t h e r  phenomena such as s o l a r  a c t i v i t y ,  E- layer  

v a r i a t i o n s  and wind measurements by o t h e r  methods. A summary of  some 

of t h e  r e s u l t s  of  t h i s  e f f o r t  i s  g iven  h e r e .  

Measurements du r ing  two t w i l i g h t s  were r e p o r t e d  a t  S a r d i n i a  

5 .1  COMPARISON WITH OTHER MEASUREMENTS 

It i s  d i f f i c u l t  t o  compare t h e s e  measurements wi th  wind d a t a  from 

o t h e r  methods s i n c e  no o t h e r  da ta  above 100 km h a s  been pub l i shed  and 

most pub l i shed  d a t a  below t h i s  a l t i t u d e  i s  e i t h e r  averaged o r  r e p o r t e d  

i n  a n  a n a l y t i c a l  form which masks i n d i v i d u a l  measurements. Winds 

o b t a i n e d  from r o c k e t  grenades a re  g e n e r a l l y  i n  agreement wi th  t h o s e  

f rom t h e  sodium t r a i l  t aken  a t  the same t i m e .  Most of t h e  pub l i shed  
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d a t a  i s  from o b s e r v a t i o n  of  me teo r  t r a i l s .  Radar o b s e r v a t i o n s  produce 

l a r g e  q u a n t i t i e s  of d a t a  b u t  due t o  t h e  methods, t h e  r e s u l t s  a r e  

pub l i shed  a f t e r  be ing  averaged and c o n t a i n  l a r g e  h e i g h t  u n c e r t a i n t y .  

R e s u l t s  from J o d r e l l  Banks, England and Adelaide,  A u s t r a i l i a  show 

v a r i a t i o n s  of 1 2  and 24 hour pe r iods  i n  both  speed and d i r e c t i o n .  

The f l i g h t s  of 7 and 30 November and 5 December were accompanied 

by s u c c e s s f u l  Langmuir probe measurements, 

10 t o  15 minutes  b e f o r e  t h e  sodium r o c k e t s .  For t h e  7 November and 

5 December f i r i n g s ,  Sporadic-E a c t i v i t y  was observed  from t h e  ionosphere  

s t a t i o n  a t  Wallops and was recorded by t h e  Langmuir probe as sha rp  

i n c r e a s e s  i n  e l e c t r o n  d e n s i t y .  During t h e  30 November f l i g h t s ,  a 

medium s i z e d  magnetic s to rm was i n  p r o g r e s s  and no Sporadic-E was 

r eco rded  by e i t h e r  t h e  ground s t a t i o n  o r  the  r o c k e t  probe.  Complete 

a n a l y s i s  of t h e  probe d a t a  was delayed u n t i l  t a b u l a t e d  t r a j e c t o r y  i n f o r -  

mat ion  was a v a i l a b l e .  This h a s  now been ob ta ined  b u t  i n t e r p r e t a t i o n  of 

t h e  d a t a  i s  n o t  y e t  complete.  

e l e c t r o n  d e n s i t i e s  wi th  wind s t r u c t u r e  f o r  t h e  t h r e e  f l i g h t s  h a s  shown 

no obvious  c o r r e l a t i o n .  However, bo th  t h e  e l e c t r o n  d i s t r i b u t i o n  and 

wind s t r u c t u r e  have r a p i d  a l t i t u d e  v a r i a t i o n s  so ve ry  e x a c t  h e i g h t  

measurements a r e  r e q u i r e d .  When f i n a l  measurements are  a v a i l a b l e ,  

c a r e f u l  comparisons of e l e c t r o n  c o n c e n t r a t i o n  and wind s t r u c t u r e  w i l l  

be made and ana lyzed  acco rd ing  t o  t h e  v a r i o u s  t h e o r i e s  which have been 

proposed .  

The probe r o c k e t s  were f i r e d  

I n i t i a l  comparison of t h e  h e i g h t s  and 
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P o s i t i v e  c o r r e l a t i o n  of  winds above 120 km wi th  s o l a r  s torms  h a s  

been observed i n  two f l i g h t s .  The f l i g h t s  of  1 7  August 1959, and 

24 May 1960 occur red  d u r i n g  pe r iods  of ex t remely  h igh  s o l a r  a c t i v i t y .  

The wind speeds above 120 kms were t h e  g r e a t e s t  ever observed and t h e  

g e n e r a l  s t r u c t u r e  i s  d i f f e r e n t  from t h e  o t h e r  f l i g h t s .  Apparent ly  t h e  

e f f e c t  i s  p r e s e n t  o n l y  dur ing  pe r iods  of ve ry  h igh  a c t i v i t y  s i n c e  many 

f l i g h t s  have occur red  d u r i n g  pe r iods  of magnet ic  s torms  of low and 

medium i n t e n s i t y  and t h e  winds a r e  n o t  n o t i c e a b l y  d i f f e r e n t  from t h o s e  

found dur ing  quiet:  p e r i o d s .  

5 . 2  GENERAL CIASSIFICATION OF WIND STRUCTURE 

Examination of  t h e  wind p l o t s  shows t h a t  they  may be  grouped i n t o  

t h r e e  g e n e r a l  classes determined by t h e  v e l o c i t y  v a r i a t i o n s  a t  d i f f e r e n t  

h e i g h t s .  

Class I 

D i r e c t i o p a l  changes a re  numberous b u t  s m a l l  wi th  wind speed f l u c t u -  

a t i o n s  of about  30 t o  40 mjsec.  

C las s  I1 

The pr imary c h a r a c t e r i s t i c  is one ve ry  l a r g e  change i n  d i r e c t i o n ,  

u s u a l l y  180°, and t h e  speed a t  t h i s  h e i g h t  varies from 0 t o  150 m/sec.  
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Class I11 

The s t r u c t u r e  i s  c h a r a c t e r i z e d  by a con t inuous  s p i r a l i n g  change i n  

d i r e c t i o n  wi th  t h e  wind speed g radua l ly  i n c r e a s i n g  wi th  h e i g h t  u n t i l  a 

maximum o f  about  120 m/sec i s  reached a t  about  110 km where t h e  speed 

drops  t o  about  80 m/sec and remains r e l a t i v e l y  c o n s t a n t  a t  g r e a t e r  

h e i g h t s .  

A l l  f l i g h t s  t o  d a t e  a re  c l a s s i f i e d  by t h e s e  c h a r a c t e r i s t i c s  and 

l i s t e d  i n  Table  2. The number of f l i g h t s  i n  each group i s  about  equa l  

and no season  seems t o  dominate i n  any group,  C las s  I1 h a s  more A . M ,  

measurements and C l a s s  I11 h a s  m o r e  P.M., b u t  no s i g n i f i c a n c e  h a s  y e t  

been a t t a c h e d  t o  t h i s  f a c t .  The d i r e c t i o n  of r o t a t i o n  o f  t h e  s p i r a l  

motion i n  Class I11 i s  c lockwise  with h e i g h t ,  b u t  a g a i n  no deduct ions  

have  been made based on t h i s  f a c t .  

5 . 3  SEASONAL VARIATION 

It may be  observed from Table 1 o r  2 t h a t  11 o u t  of  25 f l i g h t s  

non..r.-na a..-:-- X K - - - -  
VCLULLc.U  U U L L I I ~  v s d ~ c l i  a d  A p r i l .  Also t h e  t o t a i  number of f l i g h t s  i s  

s t i l l  r e l a t i v e l y  s m a l l  t o  show p o s i t i v e  s e a s o n a l  t r e n d s .  However, 

a n a l y s e s  have been made t o  s e e  i f  such t r e n d s  are  i n d i c a t e d .  

F i g u r e  23 i s  a diagram which shows wind d i r e c t i o n  a t  v a r i o u s  

h e i g h t s  f o r  t h e  d i f f e r e n t  seasons .  The d i r e c t i o n s  were d iv ided  i n t o  f o u r  

q u a d r a n t s ,  North t o  East ,  North t o  West, South t o  E a s t ,  and South t o  West, 
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CLASS I 

TABLE 2 

CLASS I1 CLASS 111 

2 March 1962 AM 

23  March 1962 PM 

27 March 1962 PM 

21 A p r i l  1961 AM 

30 November 1962 AM 

5 December 1962 PM 

21 February  1963 PM 

24 May 1961 PM 

9 December 1960 AM 

19 A p r i l  1961 AM 

18 November 1959 PM 

1 7  September 1961 AM 

7 November 1962 AM 

~~ 

20 A p r i l  1961 PM 

1 7  A p r i l  1962 AM 

1 March 1962 PM 

16 September 1961 PM 

6 June 1962 PM 

19 A p r i l  1961 PM (S) 

26 November 1957 AM (NM) 

20 February  1963 PM 

Note: There w a s  i n s u f f i c i e n t  da ta  t o  make c l a s s i f i c a t i o n  
p o s s i b l e  f o r  20 A p r i l  1961 a t  S a r d i  i a  12 October 1955 
and 11 A p r i l  1956 a t  New Mexico (my; and 1 7  August 1959 
a t  Wallops. 
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Spr ing  inc luded  February ,  March, A p r i l ,  summer inc luded  May, June ,  

J u l y ,  f a l l  i nc luded  August, September, October and win te r  i nc luded  

November, December and January .  The c l o s e d  a r e a s  i n d i c a t e  h e i g h t  

i n t e r v a l s  a t  which winds have been measured i n  t h e  des igna ted  

quadran t s .  It i s  no ted  t h a t  t h e  c l o s e d  a r e a s  f o r  each season  i s  

n e a r l y  p r o p o r t i o n a l  t o  t h e  number of measurements d u r i n g  t h a t  season ,  

so t h a t  no seasona l  t r e n d  i s  i n d i c a t e d .  

The h e i g h t ,  d i r e c t i o n  and magnitude of t h e  g r e a t e s t  wind speed 

observed  f o r  each f l i g h t  i s  shown i n  F igu re  24., Most o b s e r v a t i o n s  

showed speeds of  over  100 m / s e c  a t  some h e i g h t  between 90 and 140 km, 

and t h e r e  seems t o  be a p r e f e r e n t i a l  d i r e c t i o n  of  SE b u t  no season  

dominates .  

I n  g e n e r a l ,  no s t r o n g  seasonal  t r e n d  h a s  been found i n  t h e  d a t a  

a v a i l a b l e  and i t  may be  expec ted  t h a t  many more o b s e r v a t i o n s  a r e  

r e q u i r e d  b e f o r e  p o s i t i v e  i d e n t i f i c a t i o n  of  such v a r i a t i o n s .  

5 . 4  DIURAL VARIATIONS 

I n  some ways t h e  d a t a  i s  more s u i t e d  t o  a s tudy  of d i u r a l  r a t h e r  

s e a s o n a l  v a r i a t i o n s .  Although a l l  measurements are  made du r ing  t w i l i g h t ,  

t h e r e  are  about  equal  numbers of o b s e r v a t i o n s  d u r i n g  morning and evening.  

Attempts  t o  show any d i u r n a l  e f f e c t s  i n  t h e  d a t a  were comple te ly  

u n s u c c e s s f u l  u n t i l  a f t e r  t h e  series o f  f l i g h t s  i n  A p r i l  1961 from 

Wallops I s l a n d  and S a r d i n i a .  The t i m e  of f i r i n g s  of t h i s  series which 

i n c l u d e d  f i v e  f l i g h t s  and t h e  t i m e  d i f f e r e n c e  i n  hour s  i s  shown i n  

T a b l e  3.  

1 7  



TABLE 3 

TIME OF OBSERVATION FOR THE APRIL 1961 SERIES 

NUMBER SITE APPROXIMATE 
LMT 

APPROXIMATE 
EST 

5 Wallops 19 Apr i l  04h 3brn 1 9  A p r i l  0 4 . 6  hour s  

6 S a r d i n i a  19 A p r i l  19 1 2  19 A p r i l  1 3 . 5  

7 S a r d i n i a  20 Apr i l  0 4  36 19 A p r i l  22.9 

8 Wallops 20 A p r i l  19 1 2  20 A p r i l  1 9 . 2  

9 Wallops 21 Apr i l  0 4  39 21 A p r i l  04 .6  

DIFFERENCE I N  TIME 

1-2 = 8.9 h o u r s  1-2  = 8 . 9  hour s  1 = 0  

2-3 = 9 . 4  2-4  = 2 y . i  2 = 8 . 9  

3-4 = 20.3 4-5 = 9 . 4  3 = 18.3 

4 = 38.6 

5 = 48.0 
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The a n a l y s i s  i s  based on t h e  p e r i o d i c  v a r i a t i o n s  o b t a i n e d  from t h e  

r a d a r  meteor o b s e r v a t i o n s .  The s e r i e s  of f i v e  s e q u e n t i a l  f i r i n g s  was 

used t o  i n v e s t i g a t e  a p e r i o d i c  e f f e c t .  The wind v e l o c i t y  a t  any 

h e i g h t  may be r e p r e s e n t e d  on  a po la r  p l o t  by a v e c t o r  w i th  l e n g t h  equa l  

t o  t h e  speed and po in ted  i n  t h e  wind d i r e c t i o n .  Such p l o t s  were made 

a t  s e l e c t e d  h e i g h t s  f o r  t h e  f i v e  consecu t ive  f i r i n g s  i n  A p r i l ,  1961, 

It w a s  found t h a t  t h e  end of  t hese  v e c t o r s  could  be  j o i n e d  i n  sequence 

by a cont inuous ,  smooth curve  going i n  a counterc lockwise  d i r e c t i o n .  

Th i s  d i r e c t i o n  i s  i n d i c a t e d  from t h e  meteor d a t a  and a l s o  i s  t h e  s h o r t -  
* 

e s t  p a t h  t o  connect  t h e  v e c t o r  end p o i n t s .  These p o i n t s  are shown i n  

F i g u r e s  25 t h r u  39 connected by s o l i d  l i n e s .  During 16-17 September 1961 

and 1 - 2  March 1962 s e q u e n t i a l  obse rva t ions  from Wallops I s l a n d  were 

o b t a i n e d  wi th  t i m e  d i f f e r e n c e  of 11.4 and 1 2 . 5  h o u r s .  Vectors  from 

t h e s e  f l i g h t s  were a l s o  p l a c e d  on t h e  p l o t s  and a c o n t i n u a t i o n  of  t h e  

cu rve  could  be  s e q u e n t i a l l y  drawn through them a t  a l l  h e i g h t s ,  

A t r u e  p e r i o d i c  p a t t e r n  must be r e p r e s e n t e d  by a c l o s e d  f i g u r e ,  

The d o t t e d  l i n e s  i n  F i g u r e  25 th ru  39 r e p r e s e n t  a c o n t i n u a t i o n  of t h e  

s o l i d  l i n e  cu rve  i n t o  a c l o s e d  f i g u r e  u s i n g  t h e  s e q u e n t i a l  f i r i n g s  of  

September,  1961 and March, 1962 a s  gu ides  and u s i n g  a counterc lockwise  

d i r e c t i o n .  It i s  i n t e r e s t i n g  t h a t  such a c l o s e d  p a t t e r n  could  be  drawn 

a t  a l l  h e i g h t s .  A l l  of t h e  a v a i l a b l e  d a t a  was t h e n  added t o  t h e  p l o t  

and most of t h e  s c a t t e r e d  obse rva t ions  f i t  on t h e  o r i g i n a l l y  drawn 

c u r v e s  wi th  no changes a t  a l l .  With o n l y  s l i g h t  ad jus tmen t s ,  a l l  d a t a  

t o  d a t e  i s  r e p r e s e n t e d  on t h e  included f i g u r e s .  Table  4 l i s t s  t h e  d a t a  
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TABLE 4 

No. Date - 

1 1 7  August 1959 
2 18 November 1959 

3 24 May 1960 
4 9 December 1960 

5 1 9  A p r i l  1961 
6 19 A p r i l  1961 
7 20 A p r i l  1961 
8 20 A p r i l  1961 
9 21 A p r i l  1961 

10 16  September 1961 
11 17 September 1961 

1 2  
13 
1 4  
1 5  
16  
17 
18 
19 
20 

1 March 
2 March 

23  March 
27 March 
17 A p r i l  

6 June 
7 November 

30 November 
5 December 

1962 
1962 
1962 
1962 
1962 
1962 
1962 
1962 
1962 

21 20 February  1963 
22 21 February 1963 

2 3  26 November 1957 
24 11 A p r i l  1956 

Twi l igh t  

AM 
PM 

PM 
AM 

PM 
AM 
PM 
PM 
AM 
PM 
AM 
AM 
PM 

PM 
PM 

AM 
PM 

Range o f Height  
i n  km 

140-220 
94-163 

84- 169 
90- 138 

92-154 
83-183 

108-189 
81-165 
82-162 
78-146 
96-172 

71-126 
65-127 
59-140 
80-118 
76-191 
56-137 
68-152 
77-157 
83-138 

58-151 
83-164 

104-202 
77-105 

-k 
S = S a r d i n i a  
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corresponding  t o  t h e  numbers on  the f i g u r e s .  The on ly  d a t a  which does 

n o t  r easonab ly  f i t  t h i s  r e p r e s e n t a t i o n  i s  t h a t  observed  du r ing  p e r i o d s  

o f  ex t remely  h igh  s o l a r  a c t i v i t y .  

It may be noted  t h a t  the  f i g u r e s  a t  a l l  h e i g h t s  a r e  much a l i k e .  

They c l o s e l y  resemble a f i g u r e  a t t r i b u t e d  t o  P a s c a l  c a l l e d  a l imicon .  

The f i g u r e  i s  gene ra t ed  from t h e  e q u a t i o n :  

p = b - a  cos e 

The d a t a  l imicons  do n o t  f i t  t h i s  formula e x a c t l y  s i n c e  they a r e  n o t  

s y m e t r i c a l  and are d i s p l a c e d  from t h e  o r i g i n .  However, t h e  r e l a t i o n  

may be of some v a l u e  i n  ana lyz ing  t h e  f i g u r e .  Each h e i g h t  has  a 

r o t a t i o n  of t h e  a x i s  which can  be added t o  t h e  e q u a t i o n  a s  a phase 

a n g l e .  Th i s  phase a n g l e  o r  d i r e c t i o n  of t h e  l imicon  a x i s  i s  p l o t t e d  

by v a r i o u s  h e i g h t s  i n  F igu re  40. It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h i s  

d i r e c t i o n  change i s  cont inuous  with h e i g h t ,  though no p h y s i c a l  s i g n i f -  

i c a n c e  h a s  y e t  been connected with t h i s  d i r e c t i o n ,  The q u a n t i t i e s  

and "a" a r e  a l s o  c o n s t a n t  for a p a r t i c u l a r  h e i g h t .  llbll 

The f u n c t i o n  p = a s i n  4 e ,  a l s o  d e s c r i b e s  some of t h e  c h a r a c t e r -  

i s t i c s  of t h e  d a t a  f i g u r e s ,  b u t  aga in  no meaningful a n a l y s i s  h a s  been 

o b t a i n e d  from t h e  e x p r e s s i o n .  

I n  g e n e r a l ,  no p h y s i c a l  s i g n i f i c a n c e  h a s  been found f o r  t h i s  

method of d a t a  p r e s e n t a t i o n .  The f i g u r e s  do d e s c r i b e  the  a v a i l a b l e  
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d a t a  and u t i l i z e  the  coun te r  clockwise r o t a t i o n  of t h e  p e r i o d i c  e f f e c t s  

r e p o r t e d  from r a d a r  meteor d a t a .  The f i g u r e s  a r e  s imi la r  t o  what might 

be expec ted  from two o u t  of phase c y c l i c  motions which i n  t h e  upper 

atmosphere could  be due t o  t i d a l  and h e a t i n g  e f f e c t s .  The method of 

p r e s e n t a t i o n  has  a l s o  demonstrated some a b i l i t y  t o  p r e d i c t  s i n c e  t h e  

most r e c e n t  f i v e  f l i g h t s  were added a f t e r  t h e  f i g u r e s  were drawn. AS 

more d a t a  becomes a v a i l a b l e ,  a thorough t h e o r e t i c a l  a n a l y s i s  of t h i s  

model may be d e s i r a b l e .  
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Sec t ion  6 

SUMMARY 

During t h e  p e r i o d  covered by t h i s  r e p o r t ,  t h e  major e f f o r t  w a s  

d i r e c t e d  toward coord ina ted  f i r i n g s  wi th  o t h e r  r o c k e t  t echn iques  and 

f r o m  o t h e r  s i t e s .  A t o t a l  o f  t h i r t e e n  vapor t r a i l  r o c k e t s  were launched 

from Wallops I s l a n d .  Wind d a t a  w a s  o b t a i n e d  from e l e v e n  of  t h e s e .  

Second s t a g e  f a i l u r e  of Nike-Asps occur red  du r ing  two f l i g h t s .  Due t o  

extended p e r i o d s  of c loudy weather ,  f i e l d  t r i p s  were much longer  and 

more expens ive  t h a n  a n t i c i p a t e d .  This  reduced t h e  funds  and t i m e  a v a i l -  

a b l e  f o r  d a t a  a n a l y s i s .  Wind da ta  from a l l  o f  t h e  f l i g h t s  h a s  been 

reduced  and inc luded  i n  t h i s  r e p o r t .  Some a n a l y s i s  of t h e  t o t a l  

a v a i l a b l e  wind d a t a  w a s  a l s o  done. Planned a n a l y s i s  of  d i f f u s i o n  and 

t u r b u l e n c e  d a t a  was n e c e s s a r i l y  l i m i t e d .  The d a t a  was t aken  and 

p r o p o s a l s  f o r  c o n t i n u a t i o n  o f  t h i s  i n v e s t i g a t i o n  inc luded  complete  

r e d u c t i o n  and a n a l y s i s  of t h i s  data. 
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SECTION 7 

RECOMMENDAT I O N S  

Proposals for continuation of this program have been submitted 

and contractual negotiations have begun. Briefly the continuation 

includes : 

(1) Coordiated firings at Wallops Island and Fort Churchill 

and with other sites during an international program of wind study. 

(2) Continued collection of wind data and analysis to obtain 

models of large and small scale circulation. 

(3) Increased emphasis on measurements of diffusion to determine 

seasonal or diurnal effects. 

( 4 )  Continued investigation of turbulence near and below the 

100 km region. 

(5) Increase emphasis on measurement of temperature with 

diffusion. 
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F i g u r e  25. A p o s s i b l e  wind pe r iod ic  p a t t e r n  fo r  a h e i g h t  of 90 km. 
numbers r e f e r  t o  t h e  d a t e s  a s  l i s t e d  i n  Table  4 .  

The 
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F i g u r e  2 7 .  A p o s s i b l e  pe r iod ic  wind p a t t e r n  f o r  a h e i g h t  of  9 7 . 5  km. 
The numbers r e f e r  to  t h e  d a t e s  a s  l i s t e d  i n  Table  4 .  
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F i g u r e  28. A p o s s i b l e  p e r i o d i c  wind p a t t e r n  fo r  a h e i g h t  of  9 8 . 7 5  km. 
The numbers  r e f e r  t o  t h e  d a t e s  as  l i s t e d  i n  T a b l e  4 .  
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F i g u r e  29. A p o s s i b l e  pe r iod ic  wind p a t t e r n  f o r  a h e i g h t  of  100 km. 
The numbers r e f e r  t o  t h e  d a t e s  a s  l i s t e d  i n  Tab le  4. 
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F i g u r e  30. A p o s s i b l e  pe r iod ic  wind p a t t e r n  f o r  a h e i g h t  o f  103.75 km. 
The numbers r e f e r  t o  t h e  d a t e s  as  l i s t e d  i n  Table 4 .  
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Figure  31. A p o s s i b l e  per iodic  wind p a t t e r n  f o r  a he igh t  of 105 km. 
The numbers r e f e r  t o  t h e  d a t e s  a s  l i s t e d  i n  Table 4 .  
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F i g u r e  32.  A p o s s i b l e  p e r i o d i c  wind p a t t e r n  f o r  a h e i g h t  of 110 km. 
The numbers  r e f e r  to  t h e  d a t e s  a s  l i s t e d  i n  T a b l e  4 .  
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F i g u r e  33.  A p o s s i b l e  p e r i o d i c  wind p a t t e r n  f o r  a h e i g h t  o f  1 1 2 . 5  km. 
The numbers  r e f e r  t o  t h e  d a t e s  as  l i s t e d  i n  T a b l e  4 .  
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F i g u r e  3 4 .  A p o s s i b l e  p e r i o d i c  wind p a t t e r n  f o r  a h e i g h t  of  115 km. 
The numbers r e f e r  to t h e  d a t e s  as l i s t e d  i n  Table 4 .  
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F i g u r e  3 5 .  A p o s s i b l e  p e r i o d i c  wind p a t t e r n  f o r  a h e i g h t  o f  120  km. 
The numbers r e f e r  t o  t h e  d a t e s  a s  l i s t e d  i n  Table  4 .  
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F i g u r e  36.  A p o s s i b l e  p e r i o d i c  wind p a t t e r n  f o r  a h e i g h t  o f  1 2 5  km. 
The numbers  r e f e r  t o  the d a t e s  a s  l i s t e d  i n  T a b l e  4 .  
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Figure 37. A poss ib le  periodic  wind pattern for a he ight  of 130 km. 
The numbers r e f e r  to the dates  as  l i s t e d  i n  Table 4. 
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F i g u r e  38. A p o s s i b l e  p e r i o d i c  wind p a t t e r n  f o r  a h e i g h t  of 135 km. 
The numbers  refer  to  t h e  d a t e s  as  l i s t e d  i n  T a b l e  4 .  
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F i g u r e  39. A p o s s i b l e  p e r i o d i c  wind p a t t e r n  fo r  a h e i g h t  of  140 km. 
The numbers r e f e r  t o  t he  d a t e s  a s  l i s t e d  i n  Table 4 .  
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